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DObjectives: Temporary epicardial pacing wires are commonly placed during pediatric cardiac surgery. Data are
sparse on postoperative pacing in this population. The objective of this study was to determine the frequency of
use and identify predictors for the use of temporary epicardial pacing wires.
Methods: Perioperative data were prospectively collected on all patients who underwent cardiac surgery at our
institution (n ¼ 162).
Results: A total of 117 (72%) patients had temporary epicardial pacing wires placed. Postoperatively, 23 (20%)
of 117 patients had hemodynamic improvement with the use of temporary epicardial pacing wires. Indications for
pacing were slow junctional rhythm (11/23 [48%]), junctional ectopic tachycardia (7/23 [31%]), pace termina-
tion of supraventricular tachycardia (3/23 [13%]) and atrial flutter (1/23 [4%]), and complete heart block (1/23
[4%]). By using univariate analysis, single-ventricle anatomy, heterotaxy, the Fontan procedure, use of circula-
tory arrest, intraoperative arrhythmia, pacing in the operating room, and use of vasoactive medications were pre-
dictors for hemodynamic improvement with the use of temporary epicardial pacing wires (P < .05). On
multivariate analysis, the Fontan procedure, circulatory arrest, and intraoperative arrhythmias were independent
predictors (P< .01). When excluding all patients with any of these 3 risk factors, only 2% were paced. Patients
with clinically significant pacing had longer chest tube drainage (P< .01) and intensive care unit length of stay
(P< .01). There were no complications associated with temporary epicardial pacing wires.
Conclusions: The Fontan procedure, use of circulatory arrest, and intraoperative arrhythmias were associated
with hemodynamic improvement with postoperative pacing and might represent indications for empiric intrao-
perative placement of temporary epicardial pacing wires. Patients without these risk factors were less likely to
require pacing. Temporary epicardial pacing wires were safe and useful in the management of arrhythmias after
pediatric cardiac surgery. (J Thorac Cardiovasc Surg 2011;141:183-7)Temporary epicardial pacing wires are frequently placed
during pediatric cardiac surgery and are often used in the di-
agnosis and management of postoperative rhythm distur-
bances.1-4 Temporary epicardial pacing wires have been
used routinely for decades; however, there has been recent
literature suggesting that there is no need for routine
placement of temporary leads during cardiac surgery in
both the adult and pediatric populations.5,6 Arguments
against the routine placement of temporary epicardial
pacing wires primarily involve the risks associated with
their use and removal. Complications, such as infection,
bleeding, retained foreign bodies, ventricular fibrillation,
and pericardial tamponade, have been reported.2,7-10 There
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The Journal of Thoracic and Cause, and complications associated with temporary
epicardial pacing wires in children.
The aims of this study were to determine the frequency of
use of temporary epicardial pacing wires, identify predictors
for hemodynamic improvement with temporary pacing, and
examine the complications associated with the use and
removal of temporary epicardial pacing wires in pediatric
patients undergoing cardiac surgery.MATERIALS AND METHODS
After institutional review board approval was obtained, a prospective as-
sessment of our institutional experience with the use of temporary epicardial
pacing wires from June through November 2007 was performed. All pa-
tients undergoing surgical repair for congenital heart disease at the Morgan
Stanley Children’s Hospital of New York by any of 3 cardiothoracic sur-
geons were included. The exclusion criteria were patients undergoing iso-
lated surgical ligation of a patent ductus arteriosus and patients
undergoing implantation of a permanent pacemaker. Temporary epicardial
pacing wires were placed intraoperatively at the discretion of the surgeon.
Data Collection
Data were collected preoperatively, intraoperatively, and postoperatively
on all patients. Preoperative data included age, height, weight, cardiac
lesion, medications, history of arrhythmias, additional medical problems,
cardiac function on echocardiographic analysis, prior operations, prior cath-
eterizations, and baseline electrocardiographic findings (sinus or nonsinusrdiovascular Surgery c Volume 141, Number 1 183
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Drhythm; PR, QRS, and QT intervals; and QRS axis). Intraoperative data
included procedure performed, surgeon, bypass time, crossclamp time, cir-
culatory arrest time, intraoperative arrhythmias, need for pacing, use of an-
tiarrhythmic medications, placement of atrial or ventricular wires (unipolar
or bipolar), placement of chest tubes, and cardiac function on transesopha-
geal or epicardial echocardiographic analysis at the conclusion of surgical
intervention. Postoperative data included initial blood pressure, oxygen sat-
uration, lactate levels, and arterial blood gases on admission to the cardiac
intensive care unit (CICU); initial postoperative electrocardiographic find-
ings (sinus or nonsinus rhythm; PR, QRS, and QT intervals; and QRS
axis); use of inotropes, length of intubation; length of chest tube require-
ment; daily review of telemetry; occurrence of arrhythmias, use of antiar-
rhythmic medications; electrolyte abnormalities at the time of arrhythmia;
use of pacing wires for pacing or for atrial electrograms; hemodynamic
changes associated with pacing; complications from pacing wire removal;
number of days with pacing wires, CICU length of stay; and hospital length
of stay. Patients’ charts and telemetry were reviewed on a daily basis for
each patient for the entire duration of the hospital course. The decision to
use the temporary epicardial pacing wires was made by the CICU or cardi-
ology attending physician.
Definition of Clinically Significant Pacing
Pacing was considered to be clinically significant or beneficial if, in the
absence of any other intervention at the time pacing was initiated, pacing
produced an increase in blood pressure of at least 10 mm Hg or there was
an improvement in cardiac output measured by resolution of metabolic
acidosis, improved urinary output, or both.
Statistical Analysis
Data were analyzed with STATA 9.2 statistical software (StataCorp,
College Station, Tex). Categorical and dichotomous variables were ex-
pressed as percentages, and continuous variables were expressed as means
 standard deviations. For univariate analysis, c2 or Fisher’s exact tests
were used for dichotomous variables, and Student’s t test was used for con-
tinuous data. The variables that were significant with univariate analysis
were used in a logistic regression model for multivariate analysis.RESULTS
There were 162 patients who met the inclusion criteria
and were enrolled in the study (Table 1). Of those, 117
(72%) had temporary epicardial pacing wires placed. There
were 84 patients with atrial wires, 9 patients with ventricular
wires, and 24 patients with both atrial and ventricular wires.
A total of 29 (29/117 [25%]) patients had the temporary
wires used for diagnostic purposes to evaluate the underly-
ing rhythm or to assist in the diagnosis of an arrhythmia.Pacing
Of the 117 patients who underwent placement of tempo-
rary epicardial pacing wires, 35 (30%) were paced. How-
ever, only 23 (20%) were noted to have significant
clinical improvement with pacing. The indications for pac-184 The Journal of Thoracic and Cardiovascular Surging in the 12 patients who did not have significant improve-
ment from pacing were as follows: sinus bradycardia
(n ¼ 5), slow junctional rhythm (n ¼ 4), supraventricular
tachycardia (n ¼ 2), and use of the temporary wires for an
electrophysiologic study (n ¼ 1). Of all the patients who
were paced, 66% (23/35) had hemodynamic improvement
with pacing. The 23 patients with clinical improvement
with pacing were the subjects of our analysis. Preoperative,
intraoperative, and postoperative data comparing these
patients with the remainder of the population are listed in
Table 2. Indications for pacing in this group were as fol-
lows: slow junctional rhythm (11/23 [48%]), junctional
ectopic tachycardia (7/23 [30%]), supraventricular tachy-
cardia (3/23 [13%]), complete heart block (1/23 [4%]),
and atrial flutter (1/23 [4%]). Four (17%) patients had the
wires used for acute tachycardia as opposed to more pro-
longed pacing. Of these 23 patients, 22 underwent atrial
pacing, and 1 underwent ventricular pacing. Pacing was ini-
tiated in 20 (87%) of the 23 patients within the first 24 hours
postoperatively. The remaining 3 patients were paced on
postoperative days 2, 3, and 7, respectively, and all were
paced for termination of supraventricular tachycardia.
None of the patients who underwent surgical intervention
during the study period (n ¼ 162) required placement of
a temporary pacing lead after leaving the operating room.
The mean duration of pacing was 2.7 days (95% confidence
interval, 1.8–3.6 days). None of the patients were paced af-
ter postoperative day 9. One patient required placement of
a permanent pacemaker because of persistent surgical
complete heart block.
There were 4 patients who did not have temporary epicar-
dial pacing wires who would have been paced had pacing
wires been placed at the time of the operation. All 4 patients
would have been paced within the first 24 postoperative
hours. One patient was a 6-month-old with complex
single-ventricle anatomy who underwent a bidirectional
Glenn procedure. The patient was noted to have a cardiac ar-
rest after ventricular fibrillation, and after successful defibril-
lation, this patient experienced a prolonged slow ventricular
escape rhythm and would have been paced with both atrial
and ventricular pacing wires after defibrillation. The second
patient was a 3-year-old who underwent repair of a double-
chamber right ventricle, ventricular septal defect closure,
and septal myomectomy who had complete heart block
and had only ventricular pacing leads. The patient had a dif-
ficult postoperative course and would have been atrially and
ventricularly paced for atrioventricular synchrony. The third
and fourth patients were a 24-year-old with tetralogy of Fal-
lot and pulmonary atresia after a right ventricle–pulmonary
artery conduit revision and a 17-year-old with severe aortic
insufficiency after the Ross procedure. Both patients had
a slow junctional rhythm and were hypotensive in the imme-
diate postoperative period and would have undergone atrial
pacing.ery c January 2011
TABLE 1. Procedures performed and relationship to pacing
Primary procedure
performed All cases (n ¼ 162)
Atrial or ventricular
wires placed (n ¼ 117) Paced (n ¼ 35)
Hemodynamic improvement
with pacing (n ¼ 23)
TOF repair 20 19 1 1
VSD closure 19 17 5 4
BDG or hemi-Fontan procedure 14 13 5 2
Fontan procedure 10 10 10 6
Arterial switch operation 10 9 3 1
Norwood or Sano procedure 8 8 0 0
BT or central shunt 6 2 1 0
RV–PA conduit replacement 6 6 0 0
ASD closure 6 1 0 0
CoA repair 6 0 0 0
TAPVR repair 5 2 2 1
PAPVR repair 5 2 0 0
CAVC repair 5 4 1 1
Subaortic membrane resection 5 1 1 1
Ross procedure 4 3 0 0
PA band 4 2 1 1
Aortic arch reconstruction 3 3 2 2
Partial AVC repair 2 1 1 1
DCRV repair 2 1 1 1
AP Window repair 2 1 1 1
Other* 20 12 0 0
TOF, Tetralogy of Fallot; VSD, ventricular septal defect; BDG, bidirectional Glenn; BT, Blalock–Taussig; RV, right ventricle; PA, pulmonary artery; ASD, atrial septal defect; CoA,
coarctation of the aorta; TAPVR, total anomalous pulmonary venous return; PAPVR, partial anomalous pulmonary venous return; CAVC, common atrioventricular canal; AVC,
atrioventricular canal;DCRV, double-chamber right ventricle; AP, aortopulmonary. *‘‘Other’’ is defined as mitral valve replacement/repair (n¼ 3), orthotopic heart transplantation
(n¼ 3), pulmonary artery plasty (n¼ 3), ventricular assist device placement (n¼ 2), septal myomectomy (n¼ 2), repair of anomalous left coronary artery from the pulmonary artery
(n ¼ 2), aortopulmonary window repair (n¼ 2), vascular ring repair (n¼ 2), Rastelli procedure (n¼ 1), truncus arteriosus repair (n¼ 1), and pulmonary valve placement (n¼ 1).
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By using univariate analysis, single ventricle, heterotaxy,
the Fontan procedure, use of circulatory arrest, intraopera-
tive arrhythmia, pacing in the operating room, and use of
inotropic medications were all predictors for hemodynamic
improvement with the use of temporary epicardial pacing
wires (P< .01, Table 2). Additional variables, such as pre-
operative arrhythmias, electrocardiographic variables both
preoperatively and postoperatively (PR, QRS, and QT inter-
vals and QRS axis), postoperative hemodynamic variables
(initial pH, blood pressure, heart rate, and lactate level),
and preoperative or postoperative abnormal ventricular
function, were assessed and found not to have a statistically
significant association with hemodynamic improvement
with pacing. On multivariate analysis, the Fontan procedure
(odds ratio [OR], 8.6), use of circulatory arrest (OR, 3.1),
and intraoperative arrhythmias (OR, 5.7) were independent
predictors for hemodynamic improvement with use of tem-
porary epicardial pacing wires (Table 3). When excluding
patients from the study group with any of these risk factors
(n ¼ 90), only 2 (2%) patients were paced and had signifi-
cant hemodynamic improvement with pacing. The first pa-
tient was a 13-month-old who had been born premature at
28 weeks gestation with single-ventricle physiology who
had a slow junctional rhythm postoperatively after the bidi-
rectional Glenn procedure, and the second patient was a 5-The Journal of Thoracic and Cayear-old with heterotaxy syndrome and subaortic membrane
who had a slow junctional rhythm for 48 hours postopera-
tively. Both patients were atrially paced, and atrioventricular
synchrony improved the hemodynamic status.Outcome
Outcomes for patients who had hemodynamic improve-
ment with pacing (n ¼ 23) were different from those of
the rest of the patients (n¼ 139). Patients with clinically sig-
nificant pacing had spent more time intubated (3.8  3.9 vs
1.6 1.5 days, P<.01), had a longer duration of chest tube
drainage (5.5 4.4 vs 3.5 3.2 days, P<.01), had a longer
CICU length of stay (5.5  3.9 vs 3.2  2.8 days, P< .01),
and were more likely to require antiarrhythmic medications
(5/23 [22%] vs 4/139 [3%], P< .01).Complications
There were no complications associated with the use or re-
moval of temporary epicardial pacing wires. All wires were
removed by the surgical team before discharge. In 1 patient
the pacing wires were inadvertently removed by the patient
on postoperative day 1. An echocardiogram was performed
and showed no pericardial effusion, and there were no other
complications associated with this inadvertent removal of
the pacing wires. There were no arrhythmias noted duringrdiovascular Surgery c Volume 141, Number 1 185
TABLE 2. Preoperative, operative, and postoperative data
Not paced or
no improvement
with pacing
(n ¼ 139)
Hemodynamic
improvement
with pacing
(n¼ 23)
P
value
Preoperative data
Female sex (n) 56 (40%) 11 (48%) NS
Age (y) 2.4  4.7 1.5  1.8 NS
Weight (kg) 13.0  18.0 7.6  5.0 NS
Single-ventricle anatomy (n) 21 (15%) 9 (39%) <.01
Complex congenital heart
disease (n)
3 (2%) 7 (30%) NS
Heterotaxy syndrome (n) 0 (0%) 3 (13%) <.01
Trisomy 21 (n) 12 (9%) 1 (4%) NS
Operative data
BPT (min) 98  44 106  48 NS
CA performed (n) 37 (27%) 13 (57%) <.01
Hemi-Fontan or BDG
procedure (n)
13 (11%) 2 (9%) NS
Fontan procedure (n) 4 (3%) 6 (26%) <.01
Intraoperative arrhythmia (n) 22 (16%) 13 (57%) <.01
Paced in OR (n) 15 (11%) 11 (48%) <.01
Postoperative data
Cyanotic (n) 24 (17%) 7 (30%) NS
Antiarrhythmic
medications (n)
4 (3%) 5 (22%) <.01
Inotropes (n) 105 (76%) 22 (96%) .04
Days intubated 1.6  1.5 3.8  3.9 <.01
Chest tube drainage (d) 3.5  3.2 5.8  4.4 <.01
ICU LOS (d) 3.2  2.8 5.5  3.9 <.01
Hospital LOS (d) 8.1  6.3 10.6  6.0 NS
Died (n) 3 (2%) 0 (0%) NS
NS, Not significant; BPT, bypass time; CA, circulatory arrest; BDG, bidirectional
Glenn; OR, operating room; ICU, intensive care unit; LOS, length of stay.
TABLE 3. Multivariate analysis model: Significant predictors
Variable Odds ratio P value
Fontan procedure 8.6 <.01
Use of circulatory arrest 3.1 .03
Intraoperative arrhythmias 5.7 <.01
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Dremoval of any of the wires, and there were no retained
foreign bodies.
During the study period, there were 3 (2%) deaths. All
deaths occurred postoperatively, and none were related to ar-
rhythmias or the use of temporary epicardial pacing wires.DISCUSSION
Temporary epicardial pacing wires have been used in the
postoperative management of heart disease for the past 6 de-
cades.11-13 Weirich and coworkers12 reported on the use of
temporary pacing in 1957, and since that time, temporary
epicardial pacing wires have been commonly used after re-
pair of congenital heart disease.1-4,14 Although temporary
epicardial pacing wires are still used commonly after
cardiac surgery, there are limited data on the utility,
predictors for their use, and complications associated with
their use in children.
Recent adult and pediatric literature has indicated that
routine placement of temporary epicardial pacing wires is
not required during cardiac surgery.5,6 The main
arguments against the routine placement and use of pacing186 The Journal of Thoracic and Cardiovascular Surgwires are the risks of complications from their placement,
use, and removal. Opponents of the routine placement of
temporary epicardial pacing wires argue that the risks
associated with the use of wires outweigh the benefits of
postoperative pacing. However, we believe that the
complication rate from the placement, use, and removal of
pacing wires is extremely low and that postoperative
pacing can be of significant value in postoperative
management. Recently, Fishberger and colleagues6 reported
that in 1,193 pediatric patients who underwent cardiac
surgery over a 3-year period, temporary epicardial pacing
wires were placed in only 1.4% of patients. However, in
that series the reported incidence of postoperative arrhyth-
mias was extraordinarily low (<2%) compared with rates
in the recent literature, which range from 14% to
29%.2,15-17 In addition, in our center junctional ectopic
tachycardia is primarily managed with pacing, patient
cooling, and weaning exogenous catecholamines, as
tolerated.18-20 In view of the high incidence of
complications in a recent international multicenter study
on the use of intravenous amiodarone in pediatric patients,
in which adverse events occurred in 87% of patients, we
reserve the use of amiodarone as a second-line therapy
when pacing is not feasible or is unsuccessful.21
Data on predictors for the use of temporary epicardial pac-
ing wires in the pediatric population are limited. In the adult
population Bethea and colleagues5 found that diabetes mel-
litus, preoperative arrhythmias, and the need for pacing
when separating from cardiopulmonary bypass predicted
the need for postoperative pacing. The largest study in chil-
dren, by Moltedo and associates,2 found that patients who
had longer cardiopulmonary bypass and aortic crossclamp
times were more likely to require pacing.3 In that study tem-
porary pacing wires were also frequently used for indica-
tions other than pacing because 56% of patients with
wires had the wires used for diagnostic purposes.2 In our
study, predictors for hemodynamic improvement with post-
operative pacing included the occurrence of intraoperative
arrhythmias, use of circulatory arrest, and the Fontan proce-
dure. Patients with the presence of any of these risk factors in
particular might benefit from the prophylactic placement of
temporary epicardial pacing wires. In the absence of the
aforementioned risk factors, however, the need for postoper-
ative pacing was very low (2.2%).
In our study there were no complications associated with
the use of temporary epicardial pacing wires. Similarly,
Moltedo and associates2 had no complications with the useery c January 2011
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Dof temporary leads in 170 patients. There are anecdotal case
reports of complications associated with the use or removal
of temporary pacing wires, such as perforation, tamponade,
foreign body retention, migration of the leads, inappropriate
atrial or ventricular sensing, and arrhythmias, including ven-
tricular fibrillation.3,7-10 The sample sizes of this series and
the Moltedo series2 are quite small, however, and consider-
ing that the risk of complications associated with the use of
temporary pacing wires is quite low, we can only argue that
the risk of complications with the use of temporary wires is
quite small. In our study the benefit of temporary epicardial
pacing was notable, with 20% of the patients having demon-
strable clinical improvement. The benefits have greatly out-
weighed the risks in our population. A limitation of this
analysis, however, was that the decision to pace was made
by the treating physician. The 12 patients who were paced
and did not demonstrate clinical improvement were not in-
cluded in the analysis, and these patients probably did not
need to be paced. In addition, the patients in this series
who were paced were likely sicker patients because they re-
quired more inotropic support, had a longer duration of intu-
bation and chest tube drainage, and had a longer CICU
length of stay.
CONCLUSIONS
The use of temporary epicardial pacing wires was safe and
useful in the management of postoperative arrhythmias after
pediatric cardiac surgery. The Fontan procedure, use of cir-
culatory arrest, and the presence of intraoperative arrhyth-
mias were associated with hemodynamic improvement by
temporary pacing and might represent indications for em-
piric placement of pacing wires during surgical intervention.
Patients without these risk factors were less likely to require
pacing.
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